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��� $EGXO�JKDQL� $6�� (,�/DWL� 6*�� 6DFDXQ� $,��6XOHLPDQ�06��$PLQ�50��$QWLFRQYXOVDQW�(IIHFWV�RI�6RPH�$UDE�0HGLFLQDO�3ODQWV�� ,QW� -�&UXG�'UXJ�5HV�������������������� $XIPNRON� 0�� .RKUOH� -�� *XPELQJHU� +��:LQWHUKRII�+��+HVFK�5'��$QWLKRUPRQDO�(IIHFWV�RI�3ODQW� ([WUDFWV�� ,RGRWK\URQLQH� 'HLRGLQDVH� RI� 5DW�/LYHU� LV� ,QKLELWHG� E\� ([WUDFWV� DQG� 6HFRQGDU\�0HWDEROLWHV� RI� 3ODQWV�� +RUP�0HWDE�5HV� ������ ��������������%DOODUG�&*��2¶%ULHQ� -7��5HLFKHUW�.��3HUU\�(.��$URPDWKHUDS\� DV� D� 6DIH� DQG� (IIHFWLYH� 7UHDWPHQW�IRU� WKH� 0DQDJHPHQW� RI� $JLWDWLRQ� LQ� 6HYHUH�'HPHQWLD�� WKH� 5HVXOW� RI� D� 'RXEOH�EOLQG�� 3ODFHER�&RQWUROOHG� 7ULDO� ZLWK� 0HOLVVD�� -� &OLQ� 3V\FKLDWU\��������������������&ROHWD�0��&DPSRV�0*��&RWULP�0'��3URHQFD�GD�&XQKD� $�� &RPSDUDWLYH� (YDOXDWLRQ� RI� 0HOLVVD�2IILFLQDOLV�/� 7LOLD�HXURSDHD�/�� 3DVVLIORUD� (GXOLV�

6LPV��DQG�+\SHULFXP�SHUIRUDWXP�/��,Q�WKH�(OHYDWHG�3OXV�0D]H�$Q[LHW\�7HVW��3KDUPDFRSV\FKLDWU\�������������������.DW]XQJ�%*��%DVLF� DQG�&OLQLFDO� 3KDUPDFRORJ\����WK�HG��1HZ�\RUN��0F*URZ�+LOO����������.KD\\DO�07��HO�*KD]DO\�0$��.HQDZ\�6$��6HLI�HO�1DVU� 0�� 0DKUDQ� /*�� .DIDIL� <$�� 2NSDQ\L� 61��$QWLXOFHURJHQLF� (IIHFW� RI� 6RPH� *DVWURLQWHVWLQDOO\�$FWLQJ� 3ODQW� ([WUDFWV� DQG� 7KHLU� &RPELQDWLRQ��$U]QHLPLWWHOIRUVFKXQJ��������������������� /DUURQGR� -9�� $JXW� 0�� &DOYR�7RUUDV� 0$��$QWLPLFURELDO� $FWLYLW\� RI� (VVHQFHV� IURP� /DELDWHV��0LFURELRV���������������������3HUU\�(.��3LFNHULQJ�$7��:DQJ�::��+RXJKWRQ�3-�� 3HUU\� 6�� 0HGLFLQDO� 3ODQW� DQG� $O]KHLPHU¶V�'LVHDVH�� IURP� (WKQRERWDQ\� WR� 3K\WRWKHUDS\�� -�3KDUP�3KDUPDFRO����������������������6RXOLPDQL�5��)OHXUHQWLQ�-��0RUWLHU�)��0LVVOLQ�5��'HUULHX� *�� 3HOW� -0�� 1HXURWURSLF� $FWLRQ� RI� WKH�+\GURDOFRKROLF�([WUDFW�RI�0HOLVVD�2IILFLQDOLV�LQ�WKH�0RXVH��3ODQWD�0HG�����������������
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$�&RPSDUDWLYH�6WXG\�RQ�WKH�$QWLFRQYXOVLYH�(IIHFWV�RI�WKH�
$TXHRXV�([WUDFW�RI�WKH�0HOLVVD�2IILFLQDOLV�3ODQW�ZLWK�

3KHQREDUELWDO�LQ�3HQW\OHQHWHWUD]RO�,QGXFHG�6HL]XUHV�RQ�0LFH
%RURXVKDNL�07��0DOHN�)��%DKDUORR�$

$EVWUDFW,QWURGXFWLRQ� &RQYXOVLYH�GLVRUGHUV�DUH�DPRQJ�FKURQLF�GLVHDVHV��ZKLFK�XVXDOO\�QHHG�D�ORQJ�WHUP�GUXJ�WKHUDS\��8QIRUWXQDWHO\�� PRVW� RI� WKH� GUXJV� XVHG� FOLQLFDOO\� WR� WUHDW� WKHVH� GLVRUGHUV� H[HUW� PDQ\� VLGH� HIIHFWV�� 7KHUHIRUH��VHDUFK�IRU�ILQGLQJ�QHZ�GUXJV�LV�EHLQJ�FDUULHG�RXW�LQ�PDQ\�ODERUDWRULHV��2EMHFWLYH� 7KH�REMHFW� RI� WKLV� UHVHDUFK�ZDV� WR� FRPSDUH� WKH� DQWLFRQYXOVLYH� HIIHFW�RI� WKH�DTXHRXV�H[WUDFW�RI� WKH�SODQW�0HOLVVD�RIILFLQDOLV�ZLWK�3KHQREDUELWDO�LQ�3HQW\OHQHWHWUD]RO��3��LQGXFHG�VHL]XUHV�RQ�PLFH�0DWHULDOV� DQG�0HWKRGV��$IWHU� DFFOLPDWL]DWLRQ�� DQLPDOV� ZHUH� UDQGRPO\� GLYLGHG� LQ� GLIIHUHQW� JURXSV�� &RQWURO�JURXS�UHFHLYHG�QRUPDO�VDOLQH� ��PO�NJ��� VWDQGDUG�JURXSV� UHFHLYHG�������������DQG����PJ�NJ��3KHQREDUELWDO�DQG�WKH�WHVW�JURXSV�UHFHLYHG�DTXHRXV�SODQW�H[WUDFW����������DQG����PO�NJ���$OO�LQMHFWLRQV�ZHUH�FDUULHG�RXW�DV�L�S��$OO�DQLPDOV� ZHUH� ILUVWO\� H[SRVHG� WR� 3� ���PJ�NJ�� L�S��� 7KH� RQVHW� RI� VHL]XUHV�� EHKDYLRUDO� FKDQJHV�� GXUDWLRQ� RI� WKH�VHL]XUHV�DQG�QXPEHU�RI�GHDWKV�ZHUH�UHFRUGHG�LQ�DOO�JURXSV�GXULQJ�WKH�ILUVW����KRXUV�5HVXOWV� $OO� GRVHV� RI� WKH� SODQW� H[WUDFWV� GHOD\� WKH� RQVHW� RI� VHL]XUHV� EXW� WKH�PRVW� HIIHFWLYH� GRVH�ZDV� ��PO�NJ��ZKLFK� ZDV� FRPSDUDEOH� WR� SKHQREDUELWDO� ���PJ�NJ��� $OO� DPRXQWV� RI� WKH� H[WUDFW�� H[FHSW� �PO�NJ�� VLJQLILFDQWO\�UHGXFHG� WKH� GXUDWLRQ� RI� VHL]XUHV� FRPSDUHG� WR� WKH� FRQWURO� JURXS��1XPEHU� RI� GHDWKV�ZDV� ��� DQG� ��� SHUFHQW� LQ�FRQWURO��VWDQGDUG�DQG�WHVW�JURXSV��UHVSHFWLYHO\�&RQFOXVLRQ� )LQGLQJV�VKRZHG�WKDW���PO�NJ�RI� WKH�DTXHRXV�SODQW�H[WUDFW�LV�DEOH�WR�UHGXFH�WKH�RQVHW�RI�VHL]XUHV��GXUDWLRQ�RI�VHL]XUHV�DQG�QXPEHU�RI�GHDWKV�DIWHU����KRXUV�LQ�3HQW\OHQHWHWUD]RO�LQGXFHG�VHL]XUHV�
.H\�ZRUGV� &RQYXOVLRQV��3HQW\OHQHWHWUD]ROH��3KHQREDUELWDO��3ODQW��0HGLFLQDO
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